
Polymer Interphase Consortium:
Next Phase Proposal  

Application and Development of Photon−Based Imaging Techniques for 
Characterization of the Chemical and Morphological 

Microstructure of polymeric Materials 

• Application of established techniques to micro−characterization of consortium materials

• Development of novel imaging techniques and exploratory application to consortium  
materials 

• Fundamental aim is to map spatial distribution of chemical components in heterogeneous 
materials and structural quantities such as alignment, strain and crystallinity on    
nano and larger length scales.   



Chemical Imaging: Spatially 
Resolved Vibrational Spectroscopy

• Confocal microscopy coupled with Raman or Infrared absorption Spectroscopy
• Spectroscopy ⇒ chemical composition and structure (strain, crystallinity)
• Microscopy ⇒ High spatial resolution: Raman ~ 1 µm, IR ~ 10 µm

• Raman image of Nomex™ fiber cross 
section in epoxy matrix

• 32 x 32 µm image 
(~1 µm spatial resolution)

• Raman spectra reveal radial 
variation in  fiber crystallinity

• IR Absorbance image of microtomed
thermoplastic olefin section

• 325 x 325 µm images 
~ 10 µm spatial resolution

• OH stretch image reveals filler   
(talc) rich surface layer



Nanoscale Chemical Imaging: Near Field Microscopy

• Near−field microscopy: Nanoscale spatial resolution 
• Contrast mechanisms: Scattering, Fluorescence, Raman, IR Absorbance 
• Key Issues: Sample preparation and signal magnitudes 

LENS NSOM

One Wavelength

Microscopy/Spectroscopy With Lenses:
Lateral resolution is limited by 
diffraction: ~ ½ wavelength

NSOM: Lateral Resolution is limited 
by the aperture size and distance from 
surface: resolution on the nanoscale



Dielectric Imaging: Near Field Microwave Microscopy
• Near−field Microwave microscopy: Tip localizes microwave field  
• Contrast mechanism: Dielectric response at GHz frequencies  
• Spatial resolution highly coupled with sensitivity 

3 µm Topographic and dielectric images of Lead Zirconate
Titanate thin film micro−domains



Two−Photon Fluorescence Imaging

• Confocal Fluorescence microscopy with two−photon excitation  
• Eliminates sample damage issues associated with one photon UV excitation
• Excitation volume spatially limited yielding excellent spatial resolution
• Radial polarization for enhanced spatial resolution

• Single molecule two−photon images 
of dye molecules in polymer matrix

• 10 x 10 µm images 
~ 300 nm spatial resolution

• Contrast requires chromophore



Laser−based Infrared Microscopy

• Confocal Infrared microscopy with laser light source
• Useful for brightness limited applications ˘ grazing incidence, diffuse reflectance 
• Spatial mode improvement useful for imaging applications ˘ ATR, Immersion lens 

Ar+ Ion Laser 488 nm

Ti:Al2O3 Oscillator
800 nm, 78 Mhz

Ti:Al2O3 Amplifier
1.5 W, 250 KHz

AgGaS2

DFG
2.5−10 µm
~ 5 mW

BBO OPA,
1.1˘1.6, 1.6−2.9 µm 


